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© Microprocessor having a bus-width change function. 

© A microprocessor (1) having a data-width change function has a core section (2) in the microprocessor for 
fetching an instruction from the external memories in instruction fetch request, transferring data between the 
external memories and the microprocessor in data access request, and executing the instruction fetched and 
processing operand access operation, internal buses connected to the core section (2) for transferring data to 
the core section, a memory (3) for storing first bus indication data and second bus-width indication data 
indicating a bus-width of specified external buses, a bus-width change circuit (5) connected to the internal buses 
and the external buses for changing specified external buses in the external buses to connect specified buses in 
the internal buses to be used during the instruction fetch bus cycle and the data access bus cycle, and a bus- 
width change controller (4) connected to the bus change circuit and the memory for changing the bus-width of 
the buses in the external data buses based on the first bus-width indication data stored in the memory at the 
instruction fetch operation, and the second bus-width indication data stored in the memory, in order to transfer 
data with specified bus-width of the external data buses. 
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TECHNICAL FIELD 

The present invention relates to a microprocessor which is capable of changing or adjusting data-width 
according to data-width of external memories to be accessed during memory access operation. 

5 

BACKGROUND ART 

It is required to adjust a data-width difference between a microprocessor and external memories when a 
microcomputer system is designed. 

w We will explain below a conventional data-width adjustment technique which is commonly used in a 
conventional microprocessor system and a problem included in this conventional technique. 

For example, a conventional microprocessor system consists of a microprocessor having 32 bit bus- 
width, a ROM of 8 bit bus-width for storing a program including instructions, and 4 RAMs, each having 8 bit 
bus-width, for temporarily storing data. 

w If the microprocessor has no function for adjusting data-width, as shown in Fig.1, in order to overcome 
such drawback there is a conventional method to adjust data-width difference in which the 32 bit data bus 
102 of MPU 101 is connected with a 8 bit ROM 103 through a bus-width conversion circuit 104 . We will 
explain below this method and this technique and a problem included in this conventional method. 

As shown in Fig.2, when a microprocessor system does not include the bus-width conversion circuit 

20 104 shown in Fig.1, there is a method for adjusting the bus-width difference in which the total number of bit- 
width of ROMs 103 is 32 bits because the total number of the ROMs 103 is four (8 bitsx4 = 32 bits). Thus, 
the 32 bit data bus 102 may be connected directly to the ROMs 102 in the microprocessor system. 

In the conventional method shown in Fig.1, it must be required to add the bus-width conversion circuit 
104 in the microprocessor system, on the other hand, the conventional method shown in Fig.2, the extra 

25 three ROMs are further required to the microprocessor system in addition to the ROM 103 in the 
conventional method shown in Fig.1. Therefore the configuration of the microprocessor system becomes 
larger and the cost of the microprocessor system increases. 

On the other hand, there is a conventional microprocessor which is capable of fixedly changing the 
data-width of a data bus based on external signals. In a microprocessor system including such the 

30 microprocessor, as shown in Fig. 3, according to the external signal such as 8 bit bus-width indication signal 
the bus-width of the data bus 105 is set in 8 bits, then four RAMs 106 are connected in parallel to the data 
bus 105. 

However, although the microcomputer system uses these four RAMs 106, the data-width of the ROMs 
106 becomes 8 bits in the conventional method described above. In this case, when comparing with the 

35 configurations of the microprocessor systems shown in Figs.1 and 2, the bit-width of data is decreased, so 
that the operational performance of the microprocessor system is decreased because the processing 
function thereof is decreased. 

There is a microprocessor having a configuration to overcome the problems described above. This 
function of the microprocessor is called as "dynamic bus sizing function". In the dynamic bus sizing 

40 function, the microprocessor inputs bus-width indication signals per bus cycle in order to repeatedly 
perform a bus cycle operation for requiring. This function is introduced in many kinds of conventional 
microprocessors, for example MC68020 manufactured by MOTOROLA corporation. 

In this dynamic bus sizing function, the bit-width of external memories to be accessed in each bus 
cycle is recognized because it must be required to input the bus-width indication signals per bus cycle. For 

45 this reason, as shown in Fig.4, a microprocessor system including a MPU 107 having the dynamic bus 
sizing function must have a circuit 109 which is generates a bus-width indication signal corresponding to a 
data-width of an external memory which is recognized for accessing after decoding an address signal 
transferred to an address bus 108 in the MPU 107. 

In the microprocessor system, the bus-width indication signals generated from this circuit 109 is 

50 transferred to MPU 107 per bus cycle. 

However, in the microprocessor system including the microprocessor 107 having the dynamic bus 
sizing function, as shown in Fig. 5, the bus-width indication signals are generated by an address driver 112 
for transferring address signals output from the MPU 110 to a memory 111, an address decoder 113 for 
decoding the output from the address driver 112 and then generates a selection signal CS for selecting the 

55 memory 111 to be accessed, and a bus-width indication signal generator 114 for generating bus-width 
indication signals corresponding to the bit-width of the memory to be selected by the selection signal from 
the address decoder 112. 



2 



EP 0 597 441 A1 



As shown in a timing chart in Fig. 6, a set-up time to define the following equation. 

tcyc " (t a + t b + t c + t d ) > t e 

5 wherein "t C y C n is an allowable bus cycle time to access the memory 111, "t a " is a delay time of address 
signal output from the MPU 110 in synchronization with a clock signal, "t b " is a delay time of an address 
signal by the address driver 112, "t c " is a delay time of the address decoder 113, "t d " is a time to be 
required for generating signals by the generator 114, and "te" is a setting up timing of the bus-width 
indication signal. 

w Accordingly, as clearly shown in the above equation, the setting-up timing for the bus-width indication 
signal becomes strict and accessing timing for the memory becomes also rigid when the operational 
frequency such as the clock signal becomes high in order to reduce the bus cycle time. It causes error 
operation in the microprocessor system. In addition, in a case where it is required to further reduce the bus 
cycle time, a high speed operation of the microprocessor system cannot be achieved because the output 

15 condition of the bus-width indication signals is not satisfied. 

In addition, the microprocessor having a function similar to the dynamic bus sizing function described 
above is disclosed in the Japanese Patent laid open No.3-98145. 

This microprocessor is capable of dynamically changing a bus-width corresponding to the address of a 
region to be accessed. In this microprocessor signal indicatings a bus-width are generated based on an 

20 address decoding result like the microprocessor having the dynamic bus sizing function because a bus- 
width indication signals is generated after comparing the decoding result of an address signal with a 
specified address. 

Accordingly the same problem is also caused when the microprocessor system in which the decoding 
operation and the comparing operation are executed because it takes much time to generate bus-width 
25 indication signals. 

As described above, inconveniences are introduced by using the conventional method for adjusting 
data-width in a microprocessor system which consists of a microprocessor and external memories which 
have different data-widths. 

Accordingly, this causes memory using efficiency to decrease and the specific configuration to add, so 
30 that the configuration and the cost of the microprocessor system become increasing. 

When a microprocessor system is constructed by using a microprocessor which is capable of changing 
temporarily and fixedly a bus-width according to an external signal, a processing function of the micropro- 
cessor system is decreased because external memories in the system are not used efficiency. This is also 
a problem. 

35 On the other hand, when a microprocessor system is constructed by using a microprocessor having the 
dynamic bus sizing function or a function similar to the dynamic bus sizing function, operational timing of 
the system is strict, so that a high speed operation becomes difficult. This is also a problem. 

SUMMARY OF THE INVENTION 

40 

The main object of the present invention is to provide a microprocessor which is capable of performing 
at a high speed rate and adjusting data-width without decreasing processing ability and increasing of a 
system costs thereof and to avoid decreasing of the margin of operations caused by increasing of an 
operational frequency thereof. 
45 According to an aspect of the present invention, there is provided a microprocessor having a data-width 
changing function which accesses instruction and data to external memory means through external data bus 
means consisting of a plurality of buses which is connected to said microprocessor, which comprising: 

processor core means formed in said microprocessor for fetching an instruction from said external 
memory means in instruction fetch request operation, transferring data between said external memory 
50 means and said microprocessor in data access request operation, and executing the instruction fetched and 
processing operand access operation; 

internal bus means having a plurality of buses connected to said processor core means for transferring 
data to said processor core means; 

memory means for storing first bus indication data indicating the bus-width of specified buses used in 
55 said external bus means during instruction fetch bus cycle operation for fetching an instruction and second 
bus-width indication data indicating a bus-width of specified buses used in said external bus means during 
data access bus cycle operation; 

bus-width change means connected to said internal bus means and said external bus means for 



3 



EP 0 597 441 A1 



changing specified buses in said external bus means to connect specified buses in said internal bus means 
to be used during the instruction fetch bus cycle and the data access bus cycle operations; and 

bus-width change control means connected to said bus-width change means for changing the bus-width 
of the buses in said external data bus means based on the first bus-width indication data stored in said 
5 memory means at the instruction fetch operation, and based on the second bus-width indication data stored 
in said memory means at the data access operation, in order to transfer data with specified bus-width of 
said external data bus means. 

In the microprocessor described above as another aspect of the present invention, the content of said 
memory means is re-set by said processor core means based on a program. 
w In the microprocessor described above as another aspect of the present invention, the content of said 
memory means is set with fixed data when said microprocessor is initialized. 

In the microprocessor described above as another aspect of the present invention, the content of said 
memory means may be re-set after initialization for said microprocessor. 

In the microprocessor described above as another aspect of the present invention, said microprocessor 
75 further comprises selection means for selecting the first and second bus-width indication data which is 
provided from external device of said microprocessor when a re-setting signal is effective, and selecting the 
first and second bus-width indication data which is transferred from said processor core means, then said 
microprocessor stores the first and second bus-width indication data selected by said selection means to 
said memory means as an initial value. 
20 According to another aspect of the present invention, there is provided a microprocessor having a data- 
width change function which accesses instruction and data to external memory means through external data 
bus means consisting of a plurality of buses which is connected to said microprocessor, which comprising: 

processor core means formed in said microprocessor for fetching an instruction from said external 
memory means in instruction fetch request operation, transferring data between said external memory 
25 means and said microprocessor in data access request operation, and executing the instruction fetched and 
processing operand access operation; 

internal bus means having a plurality of buses connected to said processor core means for transferring 
data to said processor core means; 

bus-width change means connected to said internal bus means and said external bus means for 
30 changing specified buses in said external bus means to connect specified buses in said internal bus means 
to be used during the instruction fetch bus cycle and the data access bus cycle operations; and 

bus-width change control means connected to said bus change means for changing the bus-width of 
the buses in said external data bus means based on the first bus-width indication data provided from 
external device of said microprocessor at the instruction fetch operation, 
35 and based on the second bus-width indication data provided from external device of said microproces- 
sor at the data access operation, in order to transfer data with specified bus-width of said external data bus 
means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

These and other objects, features and advantages of the invention will be apparent from the following 
detailed description of a preferred embodiment of the present invention as illustrated in the accompanying 
drawings of which: 

Fig.1 is a configuration of a conventional microprocessor system in which data-widths of the micropro- 
45 cessor system and external read only memory (ROM) is different. 

Fig. 2 is another configuration of a conventional microprocessor system in which data-width of the 
microprocessor system and external ROM is different. 

Fig.3 is another configuration of a conventional microprocessor system in which data-width of the 
microprocessor system and external memories are different. 
50 Fig. 4 is another configuration of a conventional microprocessor system in which data-widths of the 
microprocessor system and external memories are different. 

Fig.5 is a configuration of a conventional microprocessor system showing a conventional dynamic bus 
sizing function. 

Fig. 6 is a timing chart of the microprocessor system shown in Fig.5. 
55 Fig. 7 is a configuration of a microprocessor as a first embodiment according to the present invention. 
Fig. 8 is a configuration of a microprocessor system incorporating the microprocessor shown in Fig. 7. 
Fig.9 is a configuration of a processor core section of the microprocessor shown in Fig.7. 
Fig. 10 is a configuration of a control register in the microprocessor shown in Fig.7. 
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Fig. 11 is a configuration of a bus state control circuit in the microprocessor shown in Fig. 7. 

Fig. 12 is a configuration of a bus-width indication signal generator in the bus state control circuit shown 

in Fig.1 1. 

Fig. 13 is a state transition diagram of the bus state control circuit shown in Fig.1 1. 
5 Fig.1 4 is a part of the configuration of the bus state control signal generator in the bus state control 
circuit shown in Fig.1 1. 

Fig.1 5 is a configuration of a bus change circuit in the microprocessor show in Fig.7. 
Fig.1 6 is a configuration of the selector 13 in the bus change circuit shown in Fig. 15. 
Fig.1 7 is a configuration of the selector 14 in the bus change circuit shown in Fig. 15. 
w Fig.1 8 is a configuration of the selector 15 in the bus change circuit shown in Fig.1 5. 
Fig.1 9 is a configuration of the selector 16 in the bus change circuit shown in Fig. 15. 
Fig. 20 is a configuration of a selector change signal generator in the bus change circuit shown in Fig.1 5. 
Fig.21 is a timing chart showing a timing of a read bus operation in the microprocessor shown in Fig.7. 

75 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Other features of this invention will become apparent in the course of the following description of 
exemplary embodiments which are given for illustration of the invention and are not intended to be limiting 
thereof. 

20 We will be describing below a microprocessor having a bus-width adjusting function as preferred 
embodiments of the present invention. 

Fig.7 is a block diagram of a microprocessor as a first embodiment of the present invention. 
The microprocessor is capable of selecting a bus-width at an instruction fetch operation and an operand 
access operation each according to a specified bus-width which has already stored in an internal register. 
25 In Fig.7, a 32 bit microprocessor or MPU 1 comprises a MPU core section 2 which has a main function 
of the MPU 1, a control register 3 to store information designating a bus-width, a bus state control circuit 4, 
an external data bus (DO to D31), an internal data bus (IBO to IB31), and a bus-width change circuit 5 for 
performing under the control of the bus state control circuit 4. 

As shown in Fig.8, for example, a microprocessor system is formed by using the microprocessor 1 
30 above, a ROM of 8 bit bus-width for storing a program, and four RAMs for temporarily storing data. 

The MPU core section 2 can treat address and data of 32 bit-width. The MPU core section 2 consists of 
instruction fetch unit 201, an instruction decode unit 202, and an execution unit 203. 

The instruction fetch unit 201 outputs a bus access type signal BAT of 1 (BAT = 1) that indicates 
instruction fetch operation to the external ROM. Likewise, the execution unit 203 outputs the bus access 
35 type signal BAT of 0 (BAT = 0) to indicate operand access operation to the external RAMs in an instruction 
execution operation. 

The control register 3 stores data that indicates a bus-width of the external data bus 6 to actually use 
for data transfer operation. For example, the configuration of the control register 3 is made up of 4 bit fields, 
as shown in Fig.1 0. The fields R0 and R1 are used for indicating a bus-width of the external data bus 6 
40 during the operand access operation. One of 8 bit bus-width, the 16 bit bus-width, and 32 bit bus-width is 
selected based on the contents of the fields R0 and R1 . 

On the other hand, the fields R2 and R3 are used for indicating a bus-width of the external data bus 6 
during the instruction fetch operation. One of 8 bit bus-width, the 16 bit bus-width, and 32 bit bus-width is 
also selected based on the contents of the fields R2 and R3. 
45 A bus-width indication data is input to the control register 3 from external bus-width indication signal 
when a reset signal for initializing the microprocessor 1 is asserted. On the other hand, through a selector 7 
during a normal operation of the microprocessor 1, the bus-width indication data is input to the control 
register 3 from the MPU core section 2 through the selector 7. 

Thus, an actual bus-width of the external data bus 6 to be accessed is set as an initial value from the 
50 bus-width indication signal when the microprocessor 1 is initialized, then during normal operation the 
content of the control register 3 may be changed by a software program as required. 

The bus state control circuit 4, consists of a bus-width indication signal generator 1 1 and a bus state 
control signal generator 12. The bus-width indication signal generator 11 generates a bus-width indication 
signal B8, B16, and B32 based on the contents of the control register 3 (R0 to R3) and the bus access type 
55 signal BAT. 

The bus state control signal generator 12 generates control signals S2, S4, S6, S8, and S10 for 
controlling the bus-width change circuit 5, an internal bus cycle completion signal IBDC for indicating the 
completion of the bus cycle, and an external bus cycle start signal BS for indicating the start of the bus 
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cycle. 

The bus-width indication signal generator 11, for example as shown in Fig. 12, consists of logical gates 
which have the following logic relationship shown in Table 1. 

5 TABLE 1 
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20 In a case where the BAT signal designates the operand access operation (BAT = 0), the bus-width of the 
external data bus 6 is selected as follows: 

When the contents of RO and R1 are all "0", the bus-width of the external data bus 6 becomes 8 bit 
bus-width and the bus-width change signal B8 becomes "1 ". 

When the contents of RO and R1 are "0,1", the bus-width of the external data bus 6 becomes the 16 bit 
25 bus-width and the bus-width change signal B16 is "1". 

When the contents of RO and R1 are "1,0", the bus-width of the external data bus becomes the 32 bit 
bus-width and the bus-width change signal B32 is "1". 

On the other hand, in a case where the BAT signal designates the instruction fetch operation (BAT = 1), 
the bus-width of the external data bus 6 is selected as follows: 
30 When the contents of RO and R1 are all "0", the bus-width of the external data bus 6 becomes 8 bit 
bus-width and the bus-width change signal B8 becomes "1 ". 

When the contents of RO and R1 are "0,1", the bus-width of the external data bus 6 becomes the 16 bit 
bus-width and the bus-width change signal B16 is "1". 

When the contents of R0 and R1 are "1,0", the bus-width of the external data bus becomes the 32 bit 
35 bus-width and the bus-width change signal B32 is "1". 

The bus state control signal generator 12„ generates control signals S2, S4, S6, S8, and S10 in order to 
control the bus-width change operation for the bus-width change circuit 5 as shown in a state transition 
diagram in Fig. 13. 

In the state transition diagram shown in Fig. 13, each state transits in synchronism with a rising edge of 
40 the clock signal. A state St1 means a state in which no bus cycle is performed. The states St2, St4, St6, 

St8, and St10 indicate a waiting state in which the current state is kept as long as the external data transfer 

completion signal (DC) is asserted. 

In the state transition diagram of Fig. 13, if the bus-width of the external data bus 6 is set as the 32 bit 

bus-width when the bus cycle starts at the state St1 , then the state St1 transits to the state St2 at the first 
45 clock, and the state St2 transits to the state St1 at the second clock if the data transfer completion signal 

DC is asserted as the low level. If the DC is not asserted, then the state St2 transits to itself repeatedly till 

the DC is asserted at the state. In this case, 32 bit data is transferred at the timing of the state transition St2 

to St1 . 

In a case where the bus-width of the external data bus is set as 16 bit data-width when the bus cycle 
50 operation starts at the state St1, then the state St1 transits to the state St2 at the first clock, the state St2 
transits to the state St3 at the second clock if the DC is asserted, the state St3 transits to the state St4 at 
the third clock, and the state St4 transits to the state St1 at the fourth clock if the DC is asserted. If the DC 
is not asserted at the state St2 or St4, then the state transits to itself repeatedly till the DC is asserted at the 
state. In this case, each 16 bit data is transferred at the timing of state transition St2 to St3 and St4 to St1. 
55 Thereby the entire 32 bit data is transferred completely by 16 bit data each in two external bus cycles. 

In a case where the bus-width of the external data bus is set as 8 bit data-width when the bus cycle 
operation starts at the state St1, then the state transition is 
St1 -> St2-> St5~> St6-> St7-> St8-> St9~> St1 0~> St1 . 
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If the DC is not asserted at the state St2, St6, St8, or St10, then the state transition to itself repeatedly 
till the DC is asserted at the state. In this case, each 8 bit data is transferred at the timing of state transition 
St2 to St5, St6 to St7, St8 to St9, and St10 to St1. Thereby the entire 32 bit data is transferred completely 
by 8 bit data each in four external bus cycles. 
5 In the bus state control signal generator 12, the external bus cycle start signal (BS) and the internal bus 
data transfer completion signal (IBDC) are generated by the logic gates as shown in Fig. 14. 

As shown in Fig. 15, the bus-width change circuit 5 consists of selectors 13 to 16 and a selector change 
control signal generator 17. The bus-width change circuit 5 is connected to the internal data bus 8 through a 
memory data register (MDR) 9. 
w By the selectors 13 to 16 the internal data bus 8 is connected to the external data bus 6 every 8 bits. 
The selectors 13 to 16 has a configuration shown in Figs. 16 to 19, for example. 

As shown in Fig. 16, the selector 13 connects the external data bus 6 including DO to D7 with the 
internal data bus 8 of IBDBO to IBDB7 even if one of 32 bit bus-width, 16 bit bus-width, and 8 bit bus-width 
is selected based on selector change signals S2R, S2W. 
15 The selector 13 transfers data read from the external memories through from external data bus of DO to 
D7 to the internal data bus of IBDBO to IBDB7 when the selector change signal S2R is asserted, and when 
the selector change signal S2W is asserted data read out from the MPU core section 2 is transferred 
through from the internal data bus of IBDBO to IBDB7 to the external data bus of DO to D7. 

By the way, when the selector change signal including the character "R", for example S2R is asserted 
20 to the selector 13 to 16, data read out from the external memory is transferred to the MPU core section 2 
through from the external data bus 6 to the internal data bus 8. 

On the other hand, when the selector change signal including the character "W", for example S2W is 
asserted to the selector 13 to 16, data read out from the MPU core section 2 is transferred from the internal 
data bus 6 to the external data bus 8. 
25 The selector 14, as shown in Fig. 17, connects the external data bus of D8 to D15 with the internal data 
bus of IBDB8 to IBDB15 when the bus-width of the external data bus 6 is selected as the 32 bit bus-width. 

The selector 14 connects the external data bus of DO to D7 with the internal data bus of IBDB8 to 
IBDB15 when the bus-width of the external data bus 6 is selected as the 8 bit bus-width. 

The selector 15, as shown in Fig. 18, connects the external data bus of D16 to D23 with the internal data 
30 bus of IBDB16 to IBDB23 when the bus-width of the external data bus 6 is selected as the 32 bit bus-width. 
The selector 15 connects the external data bus of DO to D7 with the internal data bus of IBDB16 to IBDB23 
when the bus-width of the external data bus 6 is selected as the 16 bit or 8 bit bus-width. 

The selector 16, as shown in Fig. 19, connects the external data bus of D24 to D31 with the internal data 
bus of IBDB24 to IBDB31 in the buffer transfer state when the bus-width of the external data bus 6 is 
35 selected as the 32 bit bus-width. The selector 16 connects the external data bus of D8 to D15 with the 
internal data bus of IBDB24 to IBDB31 when the bus-width of the external data bus 6 is selected as the 16 
bit bus-width, further, the selector 16 connects the external data bus of DO to D8 with the internal data bus 
of IBDB24 to IBDB31 when the bus-width of the external data bus 6 is selected as the bit bus-width. 

The selector change signal generator 17 generates selector change control signals S2R, S2W, S4R, 
40 S4W, S6R, S6W, S8R, S8W, S10R, and S10W for controlling the selector change operation for the 
selectors 13 to 16 shown in Figs.16 to 19. This selector change signal generator 17 is made up of the logic 
gates shown in Fig.20. 

Fig. 21 is a timing chart of the bus cycles of the microprocessor system having the configuration 
described above. 

45 First of all, the starting of the bus cycle, the instruction fetch unit 201 or the execution unit 203 in the 

MPU core section 2 requires the instruction fetch operation or the data access operation, then the bus 
access type signal BAT is transferred from the MPU core section 2 to the bus-width indication control 
generator 11 in the bus state control circuit 4, the bus-width indication signals B8, B16, and B32 are 
generated based on the bus-width designating data stored in the control register 3. 

50 For example, the data-width of the external data bus 6 is set as the 32 bit data-width in order to read 32 
bit data of A to D from the external memory into the MPU 1, as shown in Fig.21, the internal bus cycle and 
the external bus cycle for the read operation of the external data is started when the IBBS signal and the 
BS signal are in the low level. Then, when the state St1 transits to the state St2, data of A to D on the 
external data bus 6 read-out from the external memory is latched in the memory data register 9 without 

55 changing the bus-width of the external data bus 6. This data of A to D in the memory data register 9 is then 
transferred to the MPU core section 2 through the internal data bus 8. 

Next, the data-width of the external data bus 6 is set as the 16 bit data-width in order to read 32 bit data 
of E to H from the external memory into the MPU 1, as shown in Fig.21, the internal bus cycle and the 
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external bus cycle for the read operation of the external data is started when the I BBS signal and the BS 
signal are in the low level. First, E and F (16 bit data) are latched in the lower order 16 bit side of the 
memory data register 9 through the external data bus DO to D15 and the bus change circuit 4 in the first 
external bus cycle. Thereby, the first external bus cycle is completed, then in the following bus cycle, G 
5 and H (16 bit data) are latched in the higher order 16 bit side of the memory data register 9 through the 
external data bus DO to D15 and the bus change circuit 4 in which the bus is changed based on the 
selector change control signal from the selector change control signal generator 17. 

Thereby, the 32 bit data of E to H is provided to the MPU core section 2 after 4 clocks later from the 
starting of bus cycle. 

w On the other hand, the data-width of the external data bus 6 is set as the 8 bit data-width in order to 
read 32 bit data from the external memory into the MPU core section 2, the external data bus 6 and the 
internal data bus 8 are switched sequentially every 8 bit data transfer for the 32 bit data by the bus change 
circuit 5 in four by cycles. In this case each 8 bit data in the 32 bit data is transferred sequentially. 

Thus, in the data transfer operation between the MPU 1 and the external memory in the embodiment 

w described above according to the present invention, it is detected what kind of bus cycle which will be 
accessed before a bus cycle starts in accordance with a bus access type signal. Accordingly, the bus-width 
of the external data bus is determined before the bus cycle starts. 

Thereby, when comparing with the conventional method described in the prior art section in which a 
bus-width is determined by an address signal with which an external memory is accessed, the method of 

20 the present invention has adequate setting-up timing for the bus-width indication signal. Accordingly, a bus 
cycle can be executed without operation errors in a case even if the operation frequency becomes high. 
Therefore the present invention can provide a microprocessor which is capable of performing at a high 
speed operation. 

This invention is not limited to the embodiment described above. Several modifications of a micropro- 
25 cessor according to the present invention can be available. 

For example, the field configuration of the control register 3 and the configuration of the internal circuits 
formed in the microprocessor 1 can be changed to another configurations. In the field configuration, RO and 
R1 registers shown in Fig. 10, for the operand data access operation in the control register 3, the operand 
data field can be further divided into read-out operation and writing operation. 
30 Moreover, although the initial value of the control register 3 is set by input of an external signal when 
the re-setting operation is performed in the embodiment described above, there is another method that 
fixed data values are used, for example 32 bits data for operand access and 8 bit data for instruction fetch 
access. Further, this fixed values can be also changed after setting the fixed data values. 

On the other hand, without incorporating of the control register 3 in the MPU 1, each of the data transfer 
35 width for instruction fetch operation and the data transfer width for operand access operation may be 
indicated independently by using external signals. It may be realized by indicating it from external of the 
MPU 1 instead of input signals RO to R3 to the control register 3. 

We will summarize the features and effects of the microprocessor according to the present invention 
described above, by using the present invention, a device having a special configuration for changing the 
40 bus-width of the external bus does not be required because the bus-width of external bus is changed 
dynamically according to the data-width of external memories. 

Therefore the reduction of processing ability of a conventional microprocessor caused by inefficiently 
using external data bus can be prevented by the present invention. 

In addition, in the present invention, before instruction fetch operation or data access operation starts 
45 the bus-width of an external data bus to be accessed is determined, so that the time for setting the bus- 
width of the external data bus during a bus cycle is not required. It can be caused to execute the bus cycle 
in adequate operation margin. Thereby it can be realized to reduce the time of the bus cycle in order to 
perform a high speed operation. 

50 Claims 

1. A microprocessor having a data-width change function which accesses instruction and data to external 
memory means through external data bus means consisting of a plurality of buses which is connected 
to said microprocessor, which comprising: 
55 processor core means formed in said microprocessor for fetching an instruction from said external 

memory means in instruction fetch request operation, transferring data between said external memory 
means and said microprocessor in data access request operation, and executing the instruction fetched 
and processing operand access operation; 
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internal bus means having a plurality of buses connected to said processor core means for 
transferring data to said processor core means; 

memory means for storing first bus indication data indicating the bus-width of specified buses used 
in said external bus means during instruction fetch bus cycle operation for fetching an instruction and 
5 second bus-width indication data indicating a bus-width of specified buses used in said external bus 

means during data access bus cycle operation; 

bus-width change means connected to said internal bus means and said external bus means for 
changing specified buses in said external bus means to connect specified buses in said internal bus 
means to be used during the instruction fetch bus cycle and the data access bus cycle operations; and 
w bus-width change control means connected to said bus-width change means and said memory 

means for changing the bus-width of the buses in said external data bus means based on the first bus- 
width indication data stored in said memory means at the instruction fetch means, and based on the 
second bus-width indication data stored in said memory means at the data access operation, in order 
to transfer data with specified bus-width of said external data bus means. 

15 

2. A microprocessor according to claim 1 , wherein the content of said memory means is re-set by said 
processor core means based on a program. 

3. A microprocessor according to claim 1, wherein the content of said memory means is set with fixed 
20 data when said microprocessor is initialized. 

4. A microprocessor according to claim 1, wherein the content of said memory means is set with fixed 
data when said microprocessor is initialized, and said memory means may be re-set after initialization 
for said processor core means based on a program. 

25 

5. A microprocessor according to claim 4, wherein said microprocessor further comprises selection means 
for selecting the first and second bus-width indication data which is provided from external device of 
said microprocessor when a re-setting signal is effective, and selecting the first and second bus-width 
indication data which is transferred from said processor core means, then said microprocessor stores 

30 the first and second bus-width indication data selected by said selection means to said memory means. 

6. A microprocessor having a data-width change function which accesses instruction and data to external 
memory means through external data bus means consisting of a plurality of buses which is connected 
to said microprocessor, which comprising: 

35 processor core means formed in said microprocessor for fetching an instruction from said external 

memory means in instruction fetch request operation, transferring data between said external memory 
means and said microprocessor in data access request operation, and executing the instruction fetched 
and processing operand access operation; 

internal bus means having a plurality of buses connected to said processor core means for 
40 transferring data to said processor core means; 

bus-width change means connected to said internal bus means and said external bus means for 
changing specified buses in said external bus means to connect specified buses in said internal bus 
means to be used during the instruction fetch bus cycle and the data access bus cycle operations; and 

bus-width change control means connected to said bus-width change means for changing the bus- 
45 width of the buses in said external data bus means based on the first bus-width indication data 

provided from external device of said microprocessor at the instruction fetch operation, 

and based on the second bus-width indication data provided from external device of said 
microprocessor at the data access operation, in order to transfer data with specified bus-width of said 
external data bus means. 

50 

7. A microprocessor system having a data-width change function, comprising: 

external memory means for storing programs and data connected to said microprocessor; 

external data bus means consisting of a plurality of buses by which said microprocessor is 
connected to said external memory means; 
55 processor core means formed in said microprocessor for fetching an instruction from said external 

memory means in instruction fetch request operation, transferring data between said external memory 
means and said microprocessor in data access request operation, and executing the instruction fetched 
and processing operand access operation; 
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internal bus means having a plurality of buses connected to said processor core means for 
transferring data to said processor core means; 

memory means for storing first bus indication data indicating the bus-width of specified buses used 
in said external bus means during instruction fetch bus cycle operation for fetching an instruction and 
second bus-width indication data indicating a bus-width of specified buses used in said external bus 
means during data access bus cycle operation; 

bus-width change means connected to said internal bus means and said external bus means for 
changing specified buses in said external bus means to connect specified buses in said internal bus 
means to be used during the instruction fetch bus cycle and the data access bus cycle operations; and 

bus-width change control means connected to said bus change means and said memory means for 
changing the bus-width of the buses in said external data bus means 

the first bus-width indication data stored in said memory means at the instruction fetch operation, 

and 

indicating the bus-width of the buses in the external data bus based on the data relating to the data 
access request operation transferred from said processor core means and based on the second bus- 
width indication data stored in said memory means at the data access operation, in order to transfer 
data with specified bus-width of said external data bus means. 

A microprocessor having a data-width change function, comprising: 

external memory means for storing programs and data connected to said microprocessor; 

external data bus means consisting of a plurality of buses by which said microprocessor is 
connected to said external memory means; 

processor core means formed in said microprocessor for fetching an instruction from said external 
memory means in instruction fetch request operation, transferring data between said external memory 
means and said microprocessor in data access request operation, and executing the instruction fetched 
and processing operand access operation; 

internal bus means having a plurality of buses connected to said processor core means for 
transferring data to said processor core means; 

bus-width change means connected to said internal bus means and said external bus means for 
changing specified buses in said external bus means to connect specified buses in said internal bus 
means to be used during the instruction fetch bus cycle and the data access bus cycle operations; and 

bus-width change control means connected to said bus-width change means for changing the bus- 
width of the buses in said external data bus means based on the first bus-width indication data 
provided from external device of said microprocessor at the instruction fetch operation, 

and based on the second bus-width indication data provided from external device of said 
microprocessor at the data access operation, in order to transfer data with specified bus-width of said 
external data bus means. 
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FIG. 1 
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FIG. 5 
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FIG. 8 
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FIG. 10 
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FIG. 12 
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FIG. 13 
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FIG. 14 
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FIG. 19 
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